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9 intended to be limting. PCT/U 5111 /2757 EXAMPLE 1 This exanpl e shows
one formulation of |iposonal mtoxantrone. Mtoxantrone 5 (3 noles) is

di ssol vedygigh32@rdiolipin in (3 p.noles) in chloroform Reagdhatidy!
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as it results in liposomal mitoxantrone. Thus, solvent evaporation methods that do not

involve formation of a dry lipid film can be used. For example, liposomes can be
prepared by forming an emulsion in an aqueous and organic phase and evaporating the
organic solvent. The present invention is intended to encompass liposomal

30  formulations of mitoxantrone however made.

The invention includes pharmaceutical preparations which in addition to non-
toxic, inert pharmaceutically suitable excipients contain the liposomal mitoxantrone
formulation and processes for production of these preparations. By pharmaceutically
suitable excipients there are to be understood solid, semi-solid or liquid diluents, fillers

35  and formulation auxiliaries of all kinds. The invention also includes pharmaceutical
preparations in dosage units. This means that the preparations are in the form of
individual parts, for example vials, syringes, capsules, pills, suppositories, or



EXAMPLE 6 This exanpl e denonstrates another fornul ation of |iposonal
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mitoxantrone were lower in heart, lung an neys and higher in liver and spleen after
administration of {iposomal mitoxanirone as compared to conventional mitoxantrone.
30  Toxicity did not occur until higher doses of liposomal mitoxantrone were administered
as compared to conventional mitoxantrone alone, however, toxicity profiles appear
similar. No toxicity occurred in the liposomal formulation that has not been observed
previously with mitoxantrone alone. In animals, higher doses of liposomal
mitoxantrone are better tolerated and more effective than conventional mitoxantrone in
35 its current conventional (non-liposomal) formulation.
Having described the present invention, reference will now be made to certain

examples which are provided solely for purposes of illustration and which are not



m toxantrone can be adm nistered to mce in a |iposomal formnulation w thout
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were. varied based on individual aninmal weights. Muse weights were

recor ded;figh &qg@emgg on alternate days follow ng injection and

observati on (%or clini ca illness were recorded at |east daily. The
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clinical Bl de effects were mani fested for any of the animals. During day 3
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30 EXAMPLE 4
This example demonstrates the preparation of another formulation of liposomal
mitoxantrone. In this preparation of liposomes 2 pM mitoxantrone, 2 uM of
phosphatidyl serine, 11 uM phosphatidy! choline, 2 pM cardiolipin, and 7 uM
cholesterol are dissolved in a solution. Lipiosomes are prepared as in Example 1.
35  Greater than 80% mitoxantrone encapsulation efficiency can be expected.



WO 112/32.111(1 15 PCT/ USQOL/ -12757 on day 3 and bl ood hemat ol ogy and
clinical chem stry were studied. Three additional animals fromgroup 2 were
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10 No adverse clinical effects were observed in any of the mce in the
first 5 days. Animals in groups 1, 2, and 5 exhibited ruffled fur and
hunchi ng ba&haizen. On day 8, 3 animals from groups 2 and Spayey@1nershbund
sacrifices and 1 animal fromgroup 5 was deceased. On day 8, 3 aninmals from
group 6 were sacrificed for henmatol ogy and clinical chemstry. On day 10, 1
animal fromgroup 2 was a nori bund sacrifice and 1 15 ani mal was deceased.
One ani p 5 was a noribund sacrifice on day 10. Three ani mal s
in gr oug%ho&é?m%%gased by day 12. One aninmal in group 4 was deceased on
day 18. There was no indication of clinical toxicity observed in any of the
remai ni ngraa pal s through day 60 at which ti rre all animals were sacri Fced.
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Thi s exanpl e denonstrates the ef Fcacy of |iposomal mtoxantrone, as
prepared in Exanple 7, against human | eukem a cells and denonstrates the

i ncr easedw@®®@iesawy of the |iposomal formnulation as conpar eacTose/42757
conventional mtoxantrone fornulation. 35 Miurine |eukema cells, L 1210

| eukem a cells were grown in the peritqpeum of CD2F 1 mce by three serial
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the risk of toxicity. 30 Mce tolerated |iposomal mtoxantrone dosages of
up tes20 ke {60 mg/m), and did not exhibit significant toxicity until
| i posomal _m toxantrone dosages of 35 ng/kg ( 1 OS ng/m'). . Exanple 15 35
Thi s exak@lodDdenonst rat es t h2reg fQrawdalions | i posomalPOB§ t oxant rone, as
preparediin Exanple 7, when genidhtiohelr efitokintratet | pl@ gges. Forty female
CD2F 1 gice were separated j.nto 4. %%ps of ten aggma/ and inocul at ed
with L 1710 cell's as descri be@ Y5Oy MIpXspEng | | ¢ R/ Us111/ ~2757
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animals. During day 3 all group 2 animals became moribund and 3 were sacrificed.

Three animals each from groups 1, 3, 4, 5, 6, and 7 were also sacrificed intentionally



10 clinical benefit of |iposomal m toxantrone over conventional

m t oxantrone when the drug is admnistered in nmultiple doses. Exanple 16
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after a singl éndosdusidnj mi sibrtadityor mortality was seen in the study with any of the
25  controls or the liposomal formulation of mitoxantrone whereas 100% morbidity was
observed in group 2 animals, which received 25 mg/kg of conventional mitoxantrone.

Example 11
The following example demonstrates that the administration of multiple doses

30  of mitoxantrone, as prepared in Example 7, is better tolerated when a liposomal
formulation is given as compared to identical concentrations of conventional
mitoxantrone HCI and that at least 10 mg/kg of liposomal mitoxantrone administered
repeatedly on 5 consecutive days is not toxic to mice. Forty male CD2F1 mice
weighing 20-22 g were acclimated for 1 week and randomly separated into 8 groups of

35 five animals each with 5 animals per cage. On day 0 all groups of animals were
injected i.v. in the tail vein with the drug or vehicle control and once daily thereafter
for a period of 5 days. The volumes administered were varied based on individual



Pl asma concentrations in animals receiving conventional mtoxantrone could
not be neasured at the 5 mn tinme point for the | ow dose and 30 mn for the
hi gh dosewoOné24®l e t hat recei ved 0.258 ng/ kg was mneasur abt@E/eso1t4rs71 h
time point. In contrast, nost aninmals that received |iposomal mtoxantrone
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Animal s given |iposonmal mtoxantrone had changes in hematol ogy paraneters
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Example 12
The following example demonstrates that mitoxantrone in the liposomal

formulation described in Example 7 has a lower toxicity as compared to identical
35  concentrations of conventional mitoxanirone HCl and that at least 35 mg/kg of

mitoxantrone administered in a liposomal formulation is not toxic to mice. Thirty

male CD2F1 mice weighing 20-22 g were acclimated for 1 week and randomly
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therapeutically effective 5 anount of mitoxantrone in a |iposomnal
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furt her é@mpnpg EOM GE@tsek d51d 5 were morlbund sacrifices and 1 ammal from group 5

was deceased. On day 8, 3 animals from group 6 were sacrificed for hematology and

clinical chemistry. On day 10, 1 animal from group 2 was a moribund sacrifice and 1
1S animal was deceased. One animal from group 5 was a moribund sacrifice on day 10.

Three animals in group 1 were deceased by day 12. One animal in group 4 was

deceased on day 18. There was no indication of clinical toxicity observed in any of the

remaining animals through day 60 at which time all animals were sacrificed. Blood

samples were collected for hematological and clinical chemistry testing as described in
20  Example 8, and major organs were fixed in buffered 10% formalin.

The variation in animal weight in various groups was moderate, mild or
unapparent except in groups 2 (5 mg/kg conventional mitoxantrone) and 5 (10 mg/kg
liposomal mitoxantrone). These animals showed progressive weight loss of about 35%
and 25%, respectively, by day 9. By day 13, group 1 (2.5 mg/kg conventional

25 mitoxantrone), group 3 (5 mg/kg liposomal mitoxantrone), and group 4 (7.5 mg/kg
liposomal mitoxantrone) animals initially lost about 30%, 7%, and 30% of their
weight, respectively. Their weight gradually returned during the study. Other
treatment groups exhibited no change in mass during the study.

No morbidity or mortality was seen in the vehicle control group or groups

30 receivingupto 5 mg/kg (] time on 5 consecutive days) of liposomal mitoxantrone.
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11, wherein said cardio I'n-1's se romt group consisting of
natural craramietgrs ywene nanaiasynt het i ¢ cardl olipin. 20 1 ~. The conposition of

claimsll, whergiife SRkR-HoRIXPIRNMREBHEBniplE8; /15 MY@kg dose of conventional
mitoxantrone but not liposomal mitoxantrone induced significant increases in ALT
signifying acute liver injury, but a higher dose in Example 10 did not. Taking the
multiple dose data into account, it is clear that conventional mitoxantrone has the
potential to cause significant liver injury. Data from the terminal sacrifices suggest
20 that significant recovery takes place, with little evidence of either toxicity or
cytotoxicity.

Mice from the higher dose groups exhibited cytotoxic effects on white blood
cells and platelets, with clear decreases in neutrophils and lymphocytes and modest
decreases in platelets. In the lower dose groups the effects were much less marked.

25  The data show that conventional mitoxantrone at 5 mg/kg/day and liposomal
mitoxantrone at 10 mg/kg/day induced roughly equivalent acute liver injury, as
evidenced by increased ALT, AST and bilirubin by day 8.

In summary, clinical pathology data from these studies show that liposomal

mitoxantrone administered at 10 mg/kg/day is no more toxic than conventional

30 mitoxantrone when administered at 5 mg/kg/day and significant recovery from toxic
and cytotoxic effects was evident. The data show that liposomal mitoxantrone can
safely be administered at amounts that are more than twice that considered safe for
conventional mitoxantrone.

35 Example 13
The following example demonstrates that the liposomal mitoxantrone

formulation described in Example 7 reaches higher plasma concentrations, has a longer
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I S neutrawo @2B32408he conposition of claim 11, wherein sai d ATB®OMESTS a

m xture of rmultilanellar vesicles and unilanellar vesicles. 30 23. A

t herapeutic m toxantrone conposition cagprising a |ipid conmponent and

m t oxantrone wherein the nolar ratio of the mtoxantrone to |ipid conponent
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conposition of _clarm 23 wherein t I pId”conponent further conprises a
phosphol i pi d, Raypeaptistue sampdsorerpianalyaedifor seispieairene by geversgedhapeer apeut i ¢
i t oxant rgPECC PIRPS $anleP0.23 al) W MxRHSIith § Banbt Prafid S0 CAREANt rati on
‘s int heherxgrq %lfg}clic%%? ,tO.g) m%/%?a%%%{é aczld,ngrllc%.% ug ametantrone as internal
10 standard. After vortexing for 30 sec., 0.5 ml of 0.1 M borate buffer (pH 9.5) and 150
ul of 1 M sodium hydroxide was added and the solution vortexed again for 30 sec.
The samples were extracted with 10 ml of dichloromethane on a horizontal shaker for
1 h and centrifuged for 15 min. at 3,000 rpm. The organic layer (9 ml) was separated
and evaporated under nitrogen. Samples were reconstituted with 10 pl of mobile phase
15 prior to HPLC analysis. Tissue samples were homogenized in 1 ml of solution
containing 20% ascorbic acid in 0.1 M citrate buffer, pH 3.0, and extracted as
described above. Mitoxantrone was separated by reverse-phase chromatography
(Waters uBondapak® C-18) using a mobile phase of 33% acetonitrile, and 67% 0.16
M ammonium formate buffer, pH 2.7 delivered at a flow rate of | ml/min.
20 Mitoxantrone was detected at 600 nm. The limit of sensitivity was 10 ng/ml.

Plasma Pharmacokinetic parameters were assessed by standard methods. The
elimination rate constant (K) was calculated from the linear regression analysis of
plasma concentration-time curve. The area under the curve (AUC,_.,) was
calculated using the linear trapezoidal method with extrapolation of the terminal

25  phase to infinity (C,;/K), where Cy,, is the last measured concentration. Other
parameters calculated were total body clearance (Cl) as Dose/AUC; volume of
distribution (V) = CV/K; elimination half-life (t,,,)=0.693/K ;.ca.

In summary, following i.v. administration, liposomal mitoxantrone produced a
significantly higher peak plasma concentration (50-fold) as compared to conventional

30 mitoxantrone. The decrease in plasma concentration followed first-order kinetics with
elimination half-life of 6.6 min. and | h for conventional and liposomal formulations,
respectively. The AUC values and terminal elimination half-lives were C,,,,, AUC and
t,» values after conventional mitoxantrone were 0.41 pg/ml, 0.14 pgehr/ml and 0.11 hr,
respectively, while these values were approximately 21 ug/ml, 28 pgehr/ml, and I hr,

35  for these same paramelers after liposomal mitoxantrone administration. These
increases could be explained by the decrease in both the clearance and the volume of
distribution of the compound. The calculated total mitoxantrone clearance was
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Example 14
This example demonstrates the efficacy of liposomal mitoxantrone, as prepared
in Example 7, against human leukemia cells and demonstrates the increased efficacy of
the liposomal formulation as compared to a conventional mitoxantrone formulation.
35  Murine leukemia cells, L1210 leukemia cells were grown in the peritoneum ot CD2F1
mice by three serial propagations (i.p.). Ascites developed within eight days of the last
inoculation were used in the following experiments. Cytostatic activities of liposomal
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the drug was indicative of heé relative anti-tumor potencies of liposomal and
conventional mitoxantrone.

Female CD2F1 mice were divided into eight groups of 10 animals and
inoculated i.v. with 10,000 L1210 cells. Drug was administered twenty-four hours
later. Conventional mitoxantrone was administered at doses of 5 and 10 mg/kg.
Liposomal mitoxantrone was administered i.v. at 5, 10, 20 or 35 mg/kg doses as a
single injection and the median survival time for each group was determined.
Surviving animals were sacrificed on day 60 of the experiment. Blank liposomes
equivalent to the 35 mg/kg dose and normal saline was also administered as controls.

The median survival time for untreated animals was 7 days. Animals treated
with 5 mg/kg conventional mitoxantrone and liposomal mitoxantrone had median
survivals of 12 and 13 days, respectively. The median survival time for animals given
10 mg/kg conventional mitoxantrone was 20 days, with 2/10 animals alive at day 60.
The median survival time for animals treated with 10 mg/kg liposomal mitoxantrons
was 27 days with 4/10 mice surviving to day 60. All animals treated with liposomal
mitoxantrone at 20 mg/kg survived to day 60. At the highest dose of liposomal
mitoxantrone tested, 35 mg/kg, 9/10 animals survived to Day 60, with one animal
found dead on day 18, probably due to compound toxicity.

These single dose studies suggest liposomal mitoxantrone can be administered
at higher doses than conventional mitoxantrone with an improved clinical outcome. In
a murine model of leukemia, liposomal mitoxantrone improved the median survival
of animals as compared to conventional mitoxantrone at comparable dosages and
decreased compound-related mortality at both the same and higher dosages. These
results suggest that it may be possible to administer higher dosages of mitoxantrone
in the liposomal mitoxantrone formulation without enhancing the risk of toxicity.
Mice tolerated liposomal mitoxantrone dosages of up to 20 mg/kg (60 mg/m?), and
did not exhibit significant toxicity until liposomal mitoxantrone dosages of 35
mg/kg (105 mg/m?).

Example 15
This example demonstrates the efficacy of liposomal mitoxantrone, as prepared

in Example 7, when administered in multiple doses. Forty female CD2F1 mice were
separated into 4 groups of ten animals and inoculated with L.1210 cells as described in
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drug is administered in multiple doses.

Example 16
This example demonstrates that in mice bearing xenografted human prostate

15 cancer cells, survival was increased after single dose administration of liposomal
mitoxantrone, as in Example 7, and mean tumor volume was reduced after multiple
dose administration of liposomal mitoxantrone as compared to conventional
mitoxantrene-treated animals. Male Balb/c, nu/nu, 6-8 week old mice were
inoculated with 5 x 10° of human hormone-refractory prostate tumor cells (PC-3).

20  Tumor growth was monitored twice a week until the tumor volumes were in the range
of 60-100 mm?. Animals were then divided into groups and were treated by i.v.
injection via the tail vein with conventional mitoxantrone at doses of 0.625, 1.25, 2.5,
and 5 mg/kg once every other day for four days. Doses of mitoxantrone formulated in
liposomes were 2.5, 5, 7.5, and 10 mg/kg. Control animals received either normal

25  saline or blank liposomes. The median survival time was calculated and all surviving
animals were sacrificed on Day 34.

Animals treated with conventional mitoxantrone at 0.625 and 1.25 mg/kg
demonstrated 100% survival by day 34; however, no animals treated with 2.5 and 5
mg/kg survived. Survival rates for liposomal mitoxantrone were 100% for the 2.5

30 mg/kg dose, 91% for the 5 mg/kg dose, 43% for the 7.5 mg/ml dose, and 0% for 10
mg/kg dose.

The experiments were repeated for the treatments with conventional
mitoxantrone at doses of 0.625 and 1.25 mg/kg and liposomal mitoxantrone at 2.5 and
5 mg/kg following the same dosing regimen. In these experiments tumor volumes

35  were measured once or twice a week by measuring the three major axes.

Treatment with liposomal mitoxantrone at both dosages caused a significani
reduction in tumor volume compared to control groups and treatment with
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15 Plasma concentrations in animals receiving conventional mitoxantrone could
not be measured at the 5 min time point for the low dose and 30 min for the high dose.
One male that received 0.258 mg/kg was measurable at the 1 h time pownt. In contrast,
most animals that received liposomal mitoxantrone had mitoxantrone plasma
concentrations for up to 2 h for the low dose and 4 h for the mid and high doses.
20 Concentrations of mitoxantrone were much lower when conventional
mitoxantrone was administered as compared to when liposomal mitoxantrone was
administered as reflected in both C,, and AUC values (Table 6). Additionally,
clearance was higher for conventional mitoxantrone as compared to liposomal
mitoxantrone. Both C, and AUC values increased with increasing liposomal
25  mitoxantrone dosages while clearance, volume of distribution and elimination half-life
were constant over the dosages. There were no differences in these parameters
between the sexes. The results are summarized below in Table 6, which sets out the
mean for each parameter. Other parameters shown in the table include the
mitoxantrone half-life (t,»), the volume of distribution (V), and clearance rate (Cl).

30
TABLE 6
Mitoxantrone Dose Criax AUC,\_, tn Cl \Y
Formulation (mg/kg) (ug/mD)  (pghr/ml (br) (ml/minkg) (L/kg)
)
Conventional-M*  0.13 0.027 NCP NC NC NC
Conventional-F  0.13 0.016 NC NC NC NC

Conventional-M  0.26 0.084 0.05° 036 89 2.8
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Liposomal-F 0.87 2.33 1.77 NC 11 1

M = Male; F = Female
® NC = Not Calculated
¢ conventional mitoxantrone was detected only until the 30 minute sampling time

5 This example shows that in the dog, administration of liposomal
mitoxantrone produced about a 9-fold increase in peak plasma mitoxantrone
concentration as compared to identical doses of conventional mitoxantrone. The
liposome formulation also exhibited increased AUC values as well as a decreased
clearance rate. Both C,,, and AUC values increased linearly with increasing

10  dosage. The C,, values were approximately 0.5, 1.7 and 2.4 pg/ml at 0.26, 0.58
and 0.87 mg/kg (5, 12 and 17 mg/m?).

Example 18
This example demonstrates that dogs can tolerate higher doses of

15  mitoxantrone when the drug is formulated in liposomes as compared to a
conventional formulation of mitoxantrone. Conventional mitoxantrone was
administered to beagle dogs (3/sex/group) at i.v. dosages of 0 (saline), 0.129 or
0.258 mg/kg (2.6 or 5 mg/m?) on Days 1, 23, 43 and 65. On these same days,
beagle dogs (3/sex/group) received liposomal mitoxantrone at 0 (blank

20  liposomes), 0.258, 0.580 or 0.869 mg/kg (5, 12 or 17 mg/m?). Evaluations for
compound-related effects were based on clinical observations, body weight, food
consumption, ophthalmologic and ECG examination, clinical pathology, plasma
drug concentrations, organ weights and gross and microscopic postmortem
examinations.

25 One male dog in the 0.869 mg/kg liposomal mitoxantrone group was
sacrificed on Day 12 after one dose of liposomal mitoxantrone was administered
due to lesions and swelling of the left limbs, hypoactivity, pallor, dehydration, and
diarrhea.

One blank liposomal mitoxantrone treated female dog had alopecia while a

30  second had excessive salivation through the first 29 days of the study. One female



137 -310% F& ()- }]=tS2 3a@0%3$& ()-a@0%3$& ()-a@0%$& ()- 310%3$& ()-
3Fz 10%$& ()- 3Y'L10%3$& () -

"<hL, 2a@hQ¥n$Srdd - a@LO%$& () -' r>a@0%$& () - a@ 0% $& () - pEFANGHE76) - 1 ><FG
| crmpeGH2a@ 0%-3&' () -' r>a@O0%$& () -a@0%3$& ()-a@0%3$& ()-'r>a@o%3& () -
peE+2a@ 0% $& () - a@0%3$& () - a@0°/<>$&' -a@o0%3$& ()-'r>-a@0%%$& ()-a@o%
$& ()-hL, 2a@0%$& ()-a@0%3$& ()-' r>a@0%3$& ()-a@0%3$& ()-a@0%3$& () -

Wi - 02amb e ey ﬁ?ﬁ%é‘?%r?a‘ RGN r AR Ly RS O
w Yl $109D8p&3() 32 apd o sndaarsiDay O, whengh exbisned (‘)ﬂammtlﬁll@!}d%mll@g of

3f 109%8#& ( 0
32MB10% Ifie le?\g\(l)n&q &%l&ﬂ%mﬁ§§9§#§lﬂ§§% n SeMBIQYSHS& () - $1006& a(lgs_

3 -
S$10%& () - i @plp}als wgglﬁmw 2@ §3 dw&gfﬁn@%ﬁfe%ﬁer m

2F" 19W#ﬁ1ﬂ%0352250ﬂ%&nﬁb m1t2)|iaﬂ19 rdup wBO10968eight. BrerkOR6H& o) - { | [ ;

- M@10° 109#& () -0 %0%#& g&} F#1094& )- F#10%t& )- 3y S109%#& () -

31" | 1094:8N3NZES EEADSABIIR O 1§ AJoBTRUPS - 0° 10048 () - 10%t& ()- 0" 10%t& ()
-OhL, 3" 10%t& [Thef W& (DarPes 1ﬂmp@a{ﬂet&ﬁ%&hy)ex@rrﬂﬂ%t@d {i;ne0’ _57@BeG+3’ 1

var ()0 domea I GEAINISEO I IR el s iger -

F $10%<kx:&op¢ma agd it apnigveygopeniap te°l Md@ﬁ&wqr)g MM%@W 1q them

%‘%«;\&) {t% wast{)(%@rél)ateQPnW @t%"d{léod Xo@ﬁt@%rfﬂe@ t())reboerdlgb’@Lagldé hormal
FS&' 09t 010! $10! F v

'Y $109% Val&e§ yluripg the @i@ﬂf/&\ﬂlf&’f(tge 3|=’W @# §@ﬁ% cAV‘LC'(&) '\5{%@%5‘ %‘%
Fg féoo/ziﬁld&fcell/ da¥a %&%dﬁ :&déée—reﬂhﬂehlﬂ%l1319#119#1319#;5?11F80uﬂt§m Was mbst ]
9103 6418055 oBRRE 10 gl ghch dope Somiriggmasiym D 1Ty 1xEbhogedd’ ) 7o
FL! 10% &alsp-acchirkd O¥dhteqch-ddsing E:yché\za'nfli(mppears$10%dﬂﬁi withodack successive
e
F 10%+$&'0f)3:}1br01 1@(10“5{@5 evidencedbpalecregsqd repxg! qqyfe c;,Qyzp s wag|opseEEe ()-F
F* 10%$&RGelivhidoyfe Mbh&botinfed rd@d R e faal br sifeiilPh¥eh&r (an hormal

values on Days 10, 32, and 46.
Animals given liposomal mitoxantrone had changes in hematology parameters

20  similar to those observed in the conventional mitoxantrone-treated animals with the
exception that the animal sacrificed during the study (0.869 mg/kg liposomal
mitoxantrone) had leukopenia, thrombocytopenia and anemia. A slight anemia was
seen in the female dogs along with decreases in reticulocyte counts in both male
and female dogs. Rebound of reticulocyte counts was not as fast in females as in

25  male dogs.

No changes in coagulation or clinical chemistry parameters were observed for
animals in any of the dosage groups.

At necropsy, | male in the liposomal mitoxantrone 0.869 mg/kg group had a
fluid-filled pleural cavity and a thickened heart as well as gastrointestinal lesions.

30 These findings appear to be compound-related. At this dosage one animal had
discoloration of various lymph nodes. Three animals total in the liposomal
mitoxantrone 0.580 and 0.869 groups had blue coloration at injection sites. No
other findings were attributed to administration of compound.

In summary | of six dogs administered liposomes alone and 1 of 18 animals

35 administered liposomal mitoxantrone had limb sores accompanied by limping,
which is likely due to administration of the liposomes themselves. This study
demonstrates that dogs can tolerate higher doses of mitoxantrone when the drug is
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Commercial Novantrone® is used in this study. The liposomal formulation of

mitoxantrone was prepared as described in Example 7. Liposomal mitoxantrone is
administered i.v. over 45 min. at the doses shown bzlow in Table 7.

20  Table 7
Liposomal Mitoxanirone

Dose Level gmg/mz)

1 9

2 12
3 15
4 20
5 25
6 30

Three patients are studied at each dosc level. Drug administration is repeated
every three weeks in the absence of progressive disease or unacceptable toxicity.
Adverse events are graded according to NCI/CTC criteria. Dose-Limiting
25  Toxicity (DLT) is defined as occurrence within the first course of therapy (i.e. 21 days)
of unacceptable toxicity, defined as a grade 3 or 4 nonhematologic toxicity including
hypersensitivity reactions, other than nausea/vomiting or alopecia or a grade 4
hematologic toxicity other than neutropenia, or a grade 4 neutropenia which persists
for more than 3 days or febrile neutropenia defined as grade 3 or 4 neutropenia with a
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temperature of greater than 38.5° C, or grade 4 vomiting or grade 4 elevation of
hepatic transaminases (AST or ALT), or grade 2 (or higher) decline of LVEF
following a MUGA scan.
The Maximum Tolerated Dose (MTD) is defined as the highest dose level that
5  causes DLT in no more than one of six patients treated at that level. If none of the
initial three patients treated at a given dose level develops dose-limiting toxicity
(DLT), dose escalation will continue. If one of the initial three patients treated
develops DLT, then three additional patients will be entered on the same dose level. If
none of the three additional patients develops DLT, dose escalation will continue. If
10 one or more of the additional three patients treated at a dose level develops DLT, dose
escalation will cease. If two or three of the initial three patients treated at a dose level
develop DLT, dose escalation will cease. Six patients will be treated at a possible
MTD to ensure that criteria are met before declaring that dose level the MTD.
A subsequent course of treatment may be administered 21 or more days
15  after prior liposomal mitoxantrone dose, and when absolute neutrophil count
(ANC) is 1,500 m/m® or more and the platelet count is 100,000 /mm’, and
recovery from any other treatment-related toxicity (except alopecia) is to
baseline grade or less than grade 1, whichever is less restrictive.
Treatment is delayed for one week for resolution of toxicities. If
20  toxicities are not resolved after a one-week delay, treatment will be delayed for
one additional week, with the same dose reductions as would have occurred
after the one-week delay. If treatment must be held for more than two weeks,

then the patient will be removed from the study.

25
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) a'mammal a pharmaceutical composition comprising a therapeutically effective
5  amount of mitoxantrone in a liposomal formulation comprising cardiolipin, and a

pharmaceutically acceptable excipient.
2. The method of claim 1, wherein the mammal is a human.

10 3. The method of claim 1, wherein the liposomal formulation further
comprises a phospholipid.

4. The method of claim 1, wherein the liposomal formulation further
comprises tocopherol.
15
5. The method of claim 1, wherein the liposomal formulation further
comprises phosphatidylcholine, cholesterol, and a tocopherol.

6. The method of claim 1, wherein the cardiolipin is selected from the
20  group consisting of natural cardiolipin and synthetic cardiolipin.

7. The method of claim 1, wherein the liposome bears a negative charge.

8. The method of claim 1, wherein the liposome bears a positive charge.
25

9. The method of claim 1, wherein at least 90% of the mitoxantrone is

bound to liposomes.

10. The method of claim 1, wherein the mitoxantrone concentration is in the
30  range of about 0.5 to about 2 mg/ml.

11. A therapeutic mitoxantrone composition comprising a liposome
comprising mitoxantrone and a lipid component that contains cardiolipin.

35 12.  The composition of claim 11, wherein the molar ratio of the
mitoxantrone to lipid component is in the range of from about 1:10 to about 1:20.
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he group consisting of natura! cardiolipin and synthetic cardiolipin.

20 19.  The composition of claim 11, wherein said liposome bears a niegative

charge.

20.  The composition of claim 11, wherein said liposome bears a positive

charge.
25
21.  The composition of claim 11, wherein said liposome is neutral.
22.  The composition of claim 11, wherein said liposome is a mixture of
multilamellar vesicles and unilamellar vesicles.
30
23. A therapeutic mitoxantrone composition comprising a lipid component
and mitoxantrone wherein the molar ratio of the mitoxantrone to lipid component is in
the range of from about 1:10 to about 1:20.
35 24.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid

component comprises a phospholipid.
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25.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component comprises phosphatidylcholine.

26.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
5  component comprises egg phosphatidylcholine.

27.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component comprises cholesterol.

10 28.  The therapeutic mitoxantrone composition of claim 23 wherein the lipid
component further comprises a phospholipid, cholesterol, cardiolipin, and tocopherol.

29.  The therapeutic mitoxantrone composition of claim 23 wherein the
mitoxantrone concentration is in the range of about 0.5 to about 2 mg/ml.
15
30. A method for preparing a pharmaceutical dosage form of mitoxantrone
comprising the steps of obtaining a vessel containing a quantity of preformed
liposomes that comprise 2 component that binds mitoxantrone, obtaining a vessel
comprising a quantity of mitoxantrone in a pharmaceutically acceptable excipient,
2C . mixing a portion of the mitoxantrone in the pharmaceutically acceptable excipient with
the liposomes, and allowing the mitoxantrone to bind to the liposomes to obtain a

pharmaceutical dosage form of mitoxantrone.

31.  The method of claim 30 wherein the preformed liposomes are
25  lyophilized.



